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(54) Voltage-controlled variable-passband filter and high-frequency circuit module incorporating 
same 



(57) The voltage-controlled variable-passband filter 
in accordance with the present invention is structured 
so that conductive patterns, R, L, and C. and other cir- 
cuit elements are embedded in a ceramic substrate. 
Within this substrate is also embedded an insulating 
layer made of the same ceramic material, the capaci- 
tance of which changes in response to an electric field 
applied thereto. On one surface of the insulating layer is 
provided a control electrode, and on the other surface 
are provided adjacent to one another a resonator pat- 
tern, to which high-frequency signals are applied, and a 
ground pattern Accordingly, two capacitors connected 
in series are formed between the resonator pattern and 
the ground pattern, and the capacitance of these series 
capacitors can be adjusted by an integrated circuit 
mounted on the ceramic substrate, thus reducing size 
and weight, and simplifying adjustment. 
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Description 

FIELD OF THE INVENTION 

The present invention concerns a filter with a volt- 5 
age -control led variable passband, capable of switching 
filter characteristics by changing a direct-current control 
voltage, which can be suitably implemented as a high- 
frequency filter for use in radio transmission devices, 
thereby enabling the device to be adapted to a plurality to 
of radio transmission systems, and also concerns a 
high-frequency circuit module incorporating the voltage- 
controlled variable-passband filter. 

BACKGROUND OF THE INVENTION is 

In recent years, radio transmission devices with 
increasingly high performance have been realized, but 
devices with even higher performance, able to be 
adapted to a plurality of radio transmission systems, are 20 
needed. An example of this type of device would be one 
incorporating the functions of both (1) a PDC (Personal 
Digital Cellular: the so-called regular portable phone) 
device, which has a large transmission area and ena- 
bl es transmission even when moving at high speed ; and 25 
(2) a PHS (Personal Handy-phone System, or the so- 
called "Second-Generation Cordless Telephone Sys- 
tem") device, with its low telephone charges and high- 
speed data transfer; thereby enabling switching 
between these functions as needed. 30 

A terminal device for a portable phone able to func- 
tion as a shared PDC/PHS unit could be realized, for 
example, by a terminal device 31 shown in Figure 25. 
Audio signals picked up by a microphone 32 are sent 
through an amplifier 33 to an analog/ digital converter 35 
34, where they are converted to digital signals, which 
are sent to a processing circuit 35, where they are mod- 
ulated into transmission signals. Received signals, on 
the other hand, are demodulated by the processing cir- 
cuit 35, converted into analog signals by a digital/ ana- 40 
log converter 36, and then amplified by an amplifier 37 
and turned into sounds by a speaker 38. 

An input operating means 40, such as a ten-key 
pad. and a display means 41 , realized by a liquid crystal 
panel or other device, are connected to the processing 45 
circuit 35 through an interface 39. 

The transmission signals from the processing cir- 
cuit 35, after amplification by an amplifier a1, are sent 
through either of two filters fc1 or fs1, and transmitted 
from an antenna 42. The received signals received by 50 
the antenna 42, on the other hand, are sent through 
either of two filters fc2 or fs2 to an amplifier a2, where 
they are amplified, and then sent to the processing cir- 
cuit 35. The filters fc1 and fc2 are PDC band pass filters 
with center frequency set in the vicinity of 1.5 GHz, 55 
while the filters fs1 and fs2 are PHS band pass filters 
with center frequency set in the vicinity of 1 9 GHz 

In order to switch between the pair of filters fd , fc2 



and the pair of filters fsl , fs2 when switching from PDC 
to PHS use or vice versa, the terminal device 31 is pro- 
vided with two pairs of switches (si 1 and 512; s21 and 
s22) and a control circuit 43 which performs the switch- 
ing control. The control circuit 43 performs switching 
control by operating the switches s11 and s12 or s21 
and s22 in concert according to whether the terminal 
device 31 is being used with the PDC or PHS system, 
and whether the transmission or reception time slot is in 
effect 

It can be seen from the explanation above that the 
terminal device 31 could be greatly reduced in size if fil- 
ter characteristics were made variable. 

In order to achieve variable filter characteristics in a 
high-frequency filter for radio transmission devices, con- 
ventional art has often used a variable-capacity diode, 
as disclosed, for example, by Japanese Unexamined 
Patent Publication Nos. 7-131367/1995. 61- 
227414/1986, 5-63487/1993, 5-235609/1993, 7- 
283603/1995. and 8-102636/1996. 

As one example. Figure 26 shows the equivalent 
circuit of a voltage-controlled variable-passband filter 1 
according to Japanese Unexamined Patent Publication 
No. 7-131367/1995. As is evident from the voltage-con- 
trolled variable-passband filter 1 , the conventional art is 
structured so that variable-capacity diodes 4 and 5 are 
connected between input/ output terminals p1 and p2 in 
a filter circuit having resonator patterns 2 and 3. thereby 
ensuring that desired filter characteristics are obtained 
by changing the capacitance of the variable-capacity 
diodes 4 and 5 by means of a direct-current control volt- 
age applied to a control terminal p3. 

Another example is a resonating circuit for use in 
oscillating circuits and elsewhere, such as that dis- 
closed by Japanese Unexamined Patent Publication No. 
59-229914/1984. As shown in Figure 27, in resonating 
circuit 1 1 a plurality of series variable-capacity diodes 
12 and a plurality of series variable-capacity diodes 13 
are connected in reverse series with relation to each 
other, and a coil 14 is connected in parallel with the 
series circuit. 

A resonating output signal is obtained from an 
input/ output terminal p4, and a direct-current control 
voltage from a control terminal p5 is divided as needed 
and applied to each connection of the variable-capacity 
diodes 12 and 13. In this way. by connecting the varia- 
ble-capacity diodes 12 and 13 in a multi-stage series 
structure, stable resonance characteristics can be 
ensured, even if the resonating signal obtained from the 
input/ output terminal p4 is high in voltage. 

An alternative to the use of variable-capacity diodes 
(4, 5, 12 and 13 above) for obtaining desired filter char- 
acteristics is disclosed by, for example. Japanese Unex- 
amined Patent Publication Nos. 2-302017/1990. 62- 
259417/1987, 62-281319/1987. and 63-128618/1988. 
This is a method in which capacitance is changed by the 
use of voltage-controlled variable-capacity capacitors. 

Figure 28 is a cross-sectional diagram schemati- 
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cally showing the structure of a voltage-controlled varia- 
ble-capacity capacitor 21 according to Japanese 
Unexamined Patent Publication No. 2-302017/1990. 
This voltage-controlled variable-capacity capacitor 21 is 
structured so that, between a pair of parallel plate 5 
capacitive electrodes 22 and 23. a plurality of bias field 
applying electrodes 24 and oppositely charged bias 
field applying electrodes 25 alternate with each other, 
with ferroelectric ceramic material lying between these 
electrodes. w 

By connecting a bias power source 26 between the 
bias field applying electrodes 24 and the bias field 
applying electrodes 25 and changing the direct-current 
voltage outputted by the bias power source 26, the elec- 
tric field applied to the ferroelectric ceramic material is is 
changed, thereby causing the dielectric constant to 
change. Thus the capacitance of the ferroelectric 
ceramic material is changed. Accordingly, in the volt- 
age-controlled variable-capacity capacitor 21, variable 
capacitance can be produced within the ceramic sub- 20 
strate itself. 

When structuring a high-frequency drcuit module 
using the voltage-controlled variable-passband filter 1 
or the voltage-controlled variable-capacity capacitor 21 , 
in the interests of small size, it is desirable to form the 25 
circuit pattern within a multi-layer substrate. However, 
since actual component mounting and other steps of the 
assembly process tend to create unevenness, it 
becomes necessary to prepare in advance a pattern for 
adjustment purposes, and to make adjustments by trim- 30 
ming the adjustment pattern while confirming the circuit 
characteristics, until the desired characteristics are 
obtained. 

In other words, as shown in Figure 29, when mount- 
ing and soldering of components and other operations 35 
for assembly of a module have been completed in Step 
q1 . the module is inspected in Step q2 Trimming adjust- 
ment is made in Step q3 on the basis of the inspection 
results, and then a further inspection in Step q4 and fur- 
ther trimming adjustment in Step q3 are repeated until 40 
the desired characteristics are obtained, after which the 
module is shipped in Step q5. 

Further, in structures which use variable-capacity 
diodes like those mentioned above {4 and 5 in Figure 26 
and 12 and 13 in Figure 27). semiconductor materials 45 
such as Si. GaAs, and Ge are used for these variable- 
capacity diodes 4, 5 and 12, 13. Accordingly, it is not 
possible to integrally provide these variable-capacity 
diodes 4, 5 and 12, 13, and the remainder of the circuit 
within the ceramic substrate. Thus, they must be so 
attached externally after the high-frequency filter circuit 
substrate is formed. Accordingly, these structures have 
the drawback that the number of components and 
assembly steps is increased. 

Further, the characteristics of these variable-capac- 55 
ity diodes 4. 5 and 1 2, 1 3 are influenced by the high-fre- 
quency signals which are to be handled, but when the 
variable-capacity diodes 12 and 13 are connected in a 



multistage series as in the resonating circuit 11, this 
influence can be reduced 

However, since the required control voltage 
increases in proportion to the number of series stages 
of the diodes 12 and 13, thereby burdening the control 
voltage source, and with battery-driven portable devices 
there is the drawback that a booster circuit must be 
used to boost the low power source voltage to a voltage 
corresponding to the required control voltage. 

In the voltage-controlled variable-capacity capacitor 
21, which is made of ferroelectric ceramic material, the 
bias field applying electrodes 24 and 25 are provided 
between the two terminal electrodes 22 and 23; how- 
ever, although the dielectric constant of the ferroelectric 
material between the bias field applying electrodes 24a 
and 25a (the shaded area in Figure 30 (a)) is changed, 
that of the area outside the bias field applying elec- 
trodes 24a and 25a is not changed. 

Accordingly, the equivalent circuit for this structure, 
as shown in Figure 30 (b), is one in which a variable- 
capacity capacitor 29 with relatively high capacitance is 
connected in series between two other fixed-capaci- 
tance capacitors 27 and 28 with relatively low capaci- 
tance. Accordingly, given the characteristics of serial 
connection of capacitors, the influence of the relatively 
low- capacitance terminal capacitors 27 and 28 is great, 
and even a great change in the capacitance of the rela- 
tively high -capacitance capacitor 29 will not greatly 
change the total composite capacitance. Thus the prob- 
lem remains that a great change in bias voltage is nec- 
essary to greatly change the composite capacitance. 

Another problem with the conventional art is that, 
when trimming is used to adjust the characteristics of 
the high-frequency circuit module, excessive trimming 
cannot be restored, and since adjustment becomes 
impossible, the yield is reduced. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
voltage-controlled variable-passband filter capable of 
achieving small size and light weight, with easily 
adjusted characteristics, and a high-frequency module 
incorporating the filter 

The first voltage-controlled variable-passband filter 
of the present invention comprises: 

(1) a voltage-controlled variable capacitance 
capacitor with a two-stage series structure, pro- 
vided with (a) an insulating layer made of a dielec- 
tric substance the dielectric constant of which 
changes in response to an electric field applied 
thereto, (b) a first electrode, provided on one sur- 
face of the insulating layer, to which is applied con- 
trol voltage to produce the electric field, and (c) 
second and third electrodes, provided on the other 
surface of the insulating layer adjacent to and paral- 
lel with each other, to which high-frequency signals 
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are applied; conductive areas of the first electrode 
opposite the second and third electrodes acting as 
capacitive electrodes, with the respective capaci- 
tive electrodes and second and third electrodes 
providing two capacitors connected in series, and 
(2) a control voftage applying means for applying a 
control voltage to the first electrode 

With the above structure, since an insulating layer 
made of a dielectric materia!, the dielectric constant of 
which changes in response to an electric field applied 
thereto, is integrally provided within a high-frequency 
circuit substrate or other substrate during the manufac- 
turing process thereof, a voltage-controlled variable- 
capacity capacitor need not be externally attached to 
the fifter circuit substrate. The problem shown in Figure 
30 (b) which usually arises with a structure of this kind 
is solved by providing on one surface of the insulating 
layer of dielectric material a first electrode for applying 
control voltage, and providing on the opposing surface 
second and third electrodes, to which are applied the 
high-frequency signals, with two conductive areas of the 
first electrode opposite the second and third electrodes 
acting as capacitive electrodes, with the capacitive elec- 
trodes and the second and third electrodes providing 
two capacitors connected in series. 

Accordingly, a uniform electric field is applied to the 
entire part of the insulating layer lying between the first 
electrode on the one hand and the second and third 
electrodes on the other. Thus the entire change in the 
dielectric constant produced by change in the control 
voltage contributes to a change in the capacitance, and 
a comparatively large change in capacitance can be 
obtained by a comparatively small change in the control 
voltage. Further, since the variable-capacity capacitor 
which replaces the externally-attached variable-capac- 
ity diode of the conventional art can be provided without 
external attachment, size and weight can be reduced, 
and the assembly process can be simplified. 

In addition, switching of the control voltage is per- 
formed by an exclusive control voltage applying means, 
which enables switching from one adjusting method to 
another, i.e., when adjusting so that the resonating fre- 
quency becomes higher, it is possible to readjust so that 
the resonating frequency becomes lower. This method 
of adjustment eliminates inadequate adjustment, thus 
improving the yield over other adjustment methods such 
as trimming, and also makes the adjustment easy to 
perform. 

The present invention can also be arranged so that 
a plurality of first electrodes connected in parallel with 
one another is used, with the second and third elec- 
trodes positioned opposite the first- and last-stage elec- 
trodes, respectively, of the first electrode, with a plurality 
of ground electrodes positioned opposite and staggered 
with the plurality of first electrodes. 

In this case, when the capacitor, i.e., the capacitor 
between the second and third electrodes, requires a 



high withstand voltage, capacitors are connected in 
series between these two terminals in a mufti-stage 
manner, but a control voltage for changing the capaci- 
tance of these capacitors is applied by the staggered 

5 first electrodes and ground electrodes. 

Accordingly, since this voltage-controlled variable- 
capacity capacitor is. in appearance, made up of a 
multi-stage arrangement of capacitors, the influence of 
the high-frequency signals to be handled on the control 

>o voltage is reduced to 1/n, where n is the number of 
capacitor stages. Thus, change in the capacitance of 
the voltage-controlled variable-capacity capacitor due to 
changes in the voltage of the high-frequency signals 
can be held to a minimum. Further, the control voltage 

is necessary will be the same as that for a single stage, 
and thus no special structure is needed for the control 
voltage power source, thus simplifying the overall struc- 
ture. 

The other objects, features, and strengths of the 
20 present invention will be made clear by the description 
below. In addition, the advantages of the present inven- 
tion will be evident from the following explanation in ref- 
erence to the drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded oblique view showing the 
structure of a voltage-controlled variable-passband filter 
according to the first embodiment of the present inven- 
30 tion. 

Figure 2 is a vertical cross-sectional view showing 
the structure of the voltage-controlled variable-pass- 
band filter shown in Figure 1 . 

Figure 3 is an equivalent circuit diagram showing 
35 the structure of the voltage-controlled variable-capacity 
capacitor and the mechanism for applying a control volt- 
age in the voltage-controlled variable-passband filter 
shown in Figures 1 and 2. 

Figure 4 is a graph showing how the capacitance 
40 changes in response to the direct-current control volt- 
age in the voltage-controlled variable-capacity capaci- 
tor. 

Figure 5 is an equivalent circuit diagram of the volt- 
age-controlled variable-passband filter shown in Fig- 

45 ures 1 and 2. 

Figure 6 is a graph explaining how the characteris- 
tics of the voltage-controlled variabie-passband filter 
change in response to a direct-current control voltage, 
and showing the characteristics for the PHS system. 

so Figure 7 is a graph explaining how the characteris- 
tics of the voltage-controlled variable-passband filter 
change in response to a direct-current control voltage, 
and showing the characteristics for a transmission cir- 
cuit for the PDC system. 

55 Figure 8 is a graph explaining how the characteris- 
tics of the voltage-controlled variable-passband filter 
change in response to a direct-current control voltage, 
and showing the characteristics tor a receiving circuit for 
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the PDC system 

Figure 9 is an oblique view showing a high-fre- 
quency circuit module incorporating the voltage-control- 
led variabie-passband filter shown in Figures t through 
8. 5 

Figure 10 is a block diagram showing the electrical 
structure of a terminal device shared by both the PHS 
and PDC systems, which incorporates the voltage-con- 
trolled variabie-passband filter shown in Figures 1 and 
2. io 

Figure 1 1 is a flow chart explaining the manufactur- 
ing process for the high-frequency circuit module shown 
in Figure 9. 

Figure 12 is a flow chart explaining in detail the 
inspection step of the manufacturing process shown in 15 
Figure 1 1 . 

Figure 13 is a flow chart explaining the operations 
of a voltage-controlled variabie-passband filter. 

Figure 14 is a vertical cross-sectional view showing 
the structure of a voltage- control led variabie-passband 20 
filter according to the second embodiment of the 
present invention 

Figure 15 is an equivalent circuit diagram showing 
the structure of the voltage-controlled variable-capacity 
capacitor and the structure tor applying control voltage 25 
in the voltage-controlled variabie-passband filter shown 
in Figure 14. 

Figure 16 is an oblique view showing the structure 
of a voltage-controlled variabie-passband filter accord- 
ing to the third embodiment of the present invention. 30 

Figure 17 is an exploded oblique view of the volt- 
age-controlled variabie-passband filter shown in Figure 
16. 

Figure 18 is a cross-sectional view taken along line 
A - A of Figure 16. 35 

Figure 19 is an oblique view showing a high-fre- 
quency circuit module incorporating the voltage-control- 
led variabie-passband filter shown in Figures 16 
through 18. 

Figure 20 is a vertical cross-sectional view showing 40 
the structure of a voltage-controlled variabie-passband 
filter according to the fourth embodiment of the present 
invention. 

Figure 21 is an electric circuit diagram showing an 
example of a resonator using the vortage-controlled var- 45 
iable -capacity capacitor and a resonator pattern in a 
one-stage structure. 

Figure 22 is an electric circuit diagram showing an 
example of a filter using the voltage-controlled variable- 
capacity capacitor and a resonator pattern in a three- so 
stage structure. 

Figure 23 is an electric circuit diagram showing a 
further embodiment of the voKage-cont rolled variabie- 
passband filter shown in Figure 5. 

Figure 24 is an oblique view showing a further 55 
embodiment of the voltage -control led variable-pass- 
band filter shown in Figures 16 through 19. 

Figure 25 is a block diagram showing the electrical 



structure of a conventional attempt to realize a terminal 
device shared by both the PHS and PDC systems. 

Figure 26 is an electric circuit diagram of a typical 
conventional voltage- control led variabie-passband filter 
using variable-capacity diodes. 

Figure 27 is an electric circuit diagram of a resona- 
tor circuit using variable -capacity diodes, which is a fur- 
ther example of conventional art. 

Figure 28 is a cross-sectional view schematically 
showing the structure o1 a voltage-controlled variable- 
capacity capacitor, which is yet a further example of 
conventional art. 

Figure 29 is a flow chart explaining the manufactur- 
ing process of a high-frequency circuit module which 
includes the voltage-controlled variabie-passband filter 
shown in Figure 26 and the voltage -controlled variable- 
capacity capacitor shown in Figure 28. 

Figures 30(a) and 30(b) are a cross-sectional view 
and an equivalent circuit diagram, respectively, explain- 
ing the operations of the voltage-controlled variable- 
capacity capacitor shown in Figure 28. 

DESCRIPTION OF THE EMBODIMENTS 

The following is an explanation of the first embodi- 
ment of the present invention, in reference to Figures 1 
through 13. 

Figure 1 is an exploded oblique view of a voltage- 
controlled variabie-passband filter 51 according to the 
first embodiment of the present invention The voltage- 
controlled variabie-passband filter 51 is arranged so 
that, within a substrate 52 made of ceramic material 
chiefly composed of titanium oxide, barium oxide, or a 
similar material are provided filter circuit patterns and 
voltage-controlled variable-capacity capacitors 53 and 
53a according to the present invention (which will be 
described below), and so that an integrated circuit 54 for 
controlling the voltage-controlled variable- capacity 
capacitors 53 and 53a is mounted on the substrate 52. 
The voltage-controlled variable-capacity capacitor 53a 
is structured in the same manner as the voltage-control- 
led variable-capacity capacitor 53, and accordingly the 
following explanation will treat the structure and mem- 
bers of the voltage-controlled variable-capacity capaci- 
tor 53. with corresponding members of the voltage- 
controlled variable-capacity capacitor 53a given the 
same reference numerals with the addition of the letter 
a. 

The voltage-controlled variabie-passband filter 51 
is a filter with strip line structure, in which patterns 55, 
56, and 57, made of flat conductor, are embedded 
within the substrate 52, and ground conductive layers 
59 and 60, which function as shield conductors, are pro- 
vided on both surfaces of the substrate 52. The inte- 
grated circuit 54 is mounted on the ground conductive 
layer 59, but is separated from it by an insulating layer 
61 made of ceramic material. 

Figure 2 is an enlarged vertical cross -sectional view 
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of the voltage-controlled variable- capacity capacitor 53. 
A resonator pattern 55 functions as a resonator conduc- 
tor, and forms a pair with a resonator pattern 55a One 
end 55A of the resonator pattern 55 is connected to the 
ground conductive layers 59 and 60 by via holes 67 and 
68, respectively, and acts as a short-circuit end, with the 
other end 55B of the resonator pattern 55 serving as an 
open end. A ground pattern 56 is connected to the 
ground conductive layers 59 and 60 by via holes 69 and 
70, respectively, and one end 56 A of the ground pattern 
56 is provided so as to be adjacent to the end 55B of the 
resonator pattern 55. 

The end 55B of the resonator pattern 55 and the 
end 56A of the ground pattern 56 are provided on the 
insulating layer 62. The insulating layer 62 is made of a 
ceramic material selected from the group consisting of 
BaTi0 3 , SrTi0 3 . Ba x Sr 1 . x Ti0 3 , PbLaTi0 3 . Bi 4 Ti 3 0 12 , 
PZT, and PbTi0 3 . On the surface of the insulating layer 
62 opposite that where the patterns 55 and 56 are pro- 
vided is provided a control electrode 63. The control 
electrode 63 is connected to the integrated circuit 54 by 
a via hole 64 and by a control voltage terminal 65, which 
is provided on the insulating layer 61 

The insulating layer 62 has characteristics whereby 
its dielectric constant changes in response to the 
strength of an electric field applied thereto. In other 
words, the dielectric constant of the insulating layer 62 
changes according to the voltage applied between the 
control electrode 63 and the patterns 55 and 56. The 
thickness of the insulating layer 62 is determined on the 
basis of the control voltage which the integrated circuit 
54 is able to apply, the desired amount of change in the 
dielectric constant, and the width of the patterns 55 and 
56 and the control electrode 63, and will be, for exam- 
ple, approximately 0.1 ^m to I0^m 

The resonator pattern 55 is provided so that its 
length from the short-circuit end 55A to the open end 
55B is >J4, where k is the wavelength of the high-fre- 
quency signal to be handled. An input/output terminal 
66 is provided on the insulating layer 61. and is con- 
nected to an input/output pattern 57 by a via hole 58. 

Figure 3 is an equivalent circuit diagram showing, of 
the voltage-controlled variable-passband filter 51 struc- 
tured as above, the structure of the voltage-controlled 
variable-capacity capacitor 53 and the portion of the cir- 
cuit for applying the control voltage thereto. The voltage- 
controlled variable-capacity capacitor 53 is a capacitor 
with a three -elect rode structure, in which a first capaci- 
tor 71 and a second capacitor 72 are connected in 
series. The capacitive electrode of the first capacitor 71 
is the conductive area 63(2) shown in Figure 2. where 
the insulating layer 62 falls between the end 55B of the 
resonator pattern 55 (acting as a second electrode) and 
the control electrode 63 (acting as a first electrode), and 
the capacitive electrode of the second capacitor 72 is 
the conductive area 63 (1 ) shown in Figure 2. where the 
insulating layer 62 falls between the end 56A of the 
ground pattern 56 (acting as a third electrode) and the 



control electrode 63 

One terminal of the capacitor 71 is connected to a 
high-frequency signal source 73 (corresponding to the 
open-end electrode of the resonator pattern 55, which is 

5 a resonator conductor), and one terminal of the capaci- 
tor 72 is connected to a ground (corresponding to the 
ground pattern 56) The respective other terminals of 
the capacitors 71 and 72 are connected to each other, 
and a direct-current control voltage from a control volt- 

w age source 74 (corresponding to the integrated circuit 
54) is applied to the mutually-connected terminals of 
capacitors 71 and 72 through a resistor 75 and an 
inductor 76 (which correspond to the via holes 64 and 
64a). 

15 By providing the insulating layer 62 and the control 
electrode 63 and the patterns 55 and 56, the two capac- 
itors 71 and 72 are given substantially the same capac- 
itances and other electrical characteristics, and as a 
result capacitance can be effectively controlled by a low 

20 control voltage If these two capacitors 71 and 72 are 
considered a single capacitor, then, as shown in Figure 
4, then capacitance can be reduced (M1->M2) by 
increasing the direct-current control voltage (V1-W2). 
Accordingly, the equivalent circuit fa the voltage-con- 

25 trolled variable-passband filter 51 having, as shown in 
Figure 1 , a pair of resonator patterns 55 and 55a and a 
pair of voltage-controlled variable-capacity capacitors 
53 and 53a is as shown in Figure 5. 

In other words, it is a two-stage parallel resonating 

30 circuit made up of the voltage-controlled variable- 
capacity capacitors 53 and 53a, and the resonator pat- 
terns 55 and 55a. Each of the resonator patterns 55 and 
55a is a quarter-wavelength resonator, and each func- 
tions as an inductor and a capacitor. The direct-current 

35 control voltage from the control voltage terminals 65 
and 65a is applied to the voltage-controlled variable- 
capacity capacitors 53 and 53a through the resistors 75 
and 75a and the inductors 76 and 76a, respectively, 
thus changing the capacitances of the capacitors 53 

40 and 53a. 

Between (1) the input/output terminal 66 and (2) the 
parallel resonating circuit made up of the voltage-con- 
trolled variable-capacity capacitor 53 and the resonator 
pattern 55. there is a coupled capacitance C1 created 

45 by the input/output pattern 57 and the resonator pattern 
55. and in the same manner, between (1) the input/out- 
put terminal 66a and (2) the parallel resonating circuit 
made up of the voltage-controlled variable-capacity 
capacitor 53a and the resonator pattern 55a, there is a 

so coupled capacitance Cla created by the input/output 
pattern 57a and the resonator pattern 55a. Further, 
between (1) the parallel resonating circuit made up of 
the voltage-controlled variable-capacity capacitor 53 
and the resonator pattern 55 and (2) the parallel reso- 

55 nating circuit made up of the voltage-controlled variable- 
capacity capacitor 53a and the resonator pattern 55a. 
there is a coupled capacitance C2 created between the 
resonator patters 55 and 55a. 
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Accordingly, if, for example, 5V is applied by the 
integrated circuit 54 to the control voltage terminals 65 
and 65a, the passing characteristics of the voltage-con- 
trolled variable-passband filter 51 , as shown in Figure 6, 
are such that a peak frequency in the vicinity of 1 9GHz 5 
is obtained Thus, the filter characteristics necessary in 
the firsi stage or between high-frequency stages of a 
high-frequency circuit for the PHS system can be 
obtained On the other hand, if the integrated circuit 54 
applies OV, the pass characteristics, as shown in Figure w 
7, are such that a peak frequency in the vicinity of 
1.44GHz is obtained. Thus, the filter characteristics 
necessary in the first stage or between high-frequency 
stages of a transmission circuit tor the PDC system can 
be obtained. Again, if the integrated circuit 54 applies 75 
0.5V. the pass characteristics, as shown in Figure 8, are 
such that a peak frequency in the vicinity of 1 49GHz is 
obtained. Thus, the filter characteristics necessary in 
the first stage or between high-frequency stages of a 
receiving circuit tor the PDC system can be obtained. 20 

Figure 9 shows an example of one structure for a 
high frequency circuit module using the voltage-control- 
led variable-passband filter 51, which, as discussed 
above, can be shared by both the PHS and PDC sys- 
tems. This high-frequency circuit module 81 is made of 25 
a composite of glass and ceramic materials, and is a 
combination of electronic circuit components in which 
semiconductor components 83 through 85. such as an 
MMIC (Monolithic Microwave Integrated Circuit) and a 
VCO (Voltage Control Oscillator), are externally 30 
mounted on a substrate 82, in which are embedded 
conductor patterns and R, L, and C and other circuit 
components. 

The high-frequency circuit module 81 shown in Fig- 
ure 9 is provided with the circuit patterns of the voltage- 35 
controlled variable-passband filter 51 according to the 
present invention embedded within a portion of the sub- 
strate 82. and the integrated circuit 54 mounted on the 
substrate 82. The high-frequency circuit module 81 is 
used in a high-frequency circuit for a terminaJ device 40 
which can be shared by both the PHS and PDC sys- 
tems. 

Further, an example of the electrical structure of a 
terminal device 91, to which the voltage-controlled vari- 
able-passband filter 51 is adapted, and which is to be 45 
shared by both the PHS and PDC systems, is shown in 
Figure 10. Audio signals picked up by a microphone 92 
are sent through an amplifier 93 to an analog/ digital 
converter 94, where they are converted into digital sig- 
nals, which are sent to a processing circuit 95, where so 
they are modulated into transmission signals. Received 
signals, on the other hand, are demodulated by the 
processing circuit 95, and then converted into analog 
signals by a digital/ analog converter 96, amplrfied by an 
amplifier 97, and turned into sounds by a speaker 98. 55 

An input operating mechanism 100 such as a ten- 
key pad, and a display mechanism 101 realized by a liq- 
uid crystal panel or other device, are connected to the 



processing circuit 95 through an interface 99. 

The transmission signals from the processing cir- 
cuit 95, after amplification by an amplifier A1, are sent 
through a switch S1 to the voltage-controlled variable- 
passband filter 51, and then transmitted from an 
antenna 102. The received signals received by the 
antenna 102 are sent through the voltage-controlled 
variable-passband filter 51 and the switch S1 to an 
amplifier A2, where they are amplified, and then they 
are sent to the processing circuit 95. 

The passing characteristics of the voltage-control- 
led variable-passband filter 51 are controlled by the inte- 
grated circuit 54 tn response to externally applied 
switching signals for switching between the PDC and 
PHS systems and timing signals defining time slots for 
receiving and transmission. Further, the integrated cir- 
cuit 54 may also be made to control the switch St. In 
comparison to the terminal device 31 shown in Figure 
25. the number of filters and switches in the terminal 
device 91 structured as described above is greatly 
reduced, thus enabling smaller size and lighter weight 

A high-frequency circuit module 81 incorporating 
the voltage-controlled variable-passband filter 51 is 
manufactured as shown in Figure 11. After forming of 
the substrate, mounting of components, and other 
assembly in Step Ql , an inspection of characteristics is 
performed in Step Q2. In Step Q3, a control program 
conforming to the result of this inspection is written in 
the integrated circuit 54. Next, in Step Q4, another 
inspection of characteristics is performed, and Steps Q3 
and Q4 are repeated until the desired characteristics 
are obtained. Finally, the unit is shipped in Step Q5. 

Figure 12 is a flow chart describing in detail the 
inspection process in Steps Q2 and Q4 above. In Step 
Q11. a direct-current control voltage is applied through 
the control voltage terminals 65 and 65a of the high-fre- 
quency circuit module 81. In Step Q12, the module s 
operating characteristics in response to that direct-cur- 
rent control voltage, such as sensitivity, spurious radia- 
tion, image interference ratio, and unnecessary 
radiation, are measured with regard to PDC specifica- 
tions. In Step Q13. it is determined whether the meas- 
ured results satisfy the PDC specifications, and if not, 
Step Q1 1 is repeated with a different direct-current con- 
trol voltage. In this way. Steps Q1 1 through Q12 are 
repeated until a direct-current control voltage is found 
which satisfies the PDC specifications, and when it is 
found, it is set for PDC in Step Q14. 

Next, in Step Q1 5, a direct-current control voltage is 
again applied, and in Step Q16 operating characteris- 
tics in response thereto are measured. In Step Q1 7. it is 
determined whether the measured results satisfy the 
PHS specifications, and if not. Step Q15 is repeated 
with a different direct-current control voltage. Steps Q15 
through Q17 are repeated until a direct-current control 
voltage is found which satisfies the PHS specifications, 
and then this PHS direct-current control voltage is set in 
Step Q18. This is followed by Step Q3 discussed above 



7 



13 



EP 0 843 374 A2 



14 



Since adjustment of characteristics is accom- 
plished by merely writing a program in the integrated cir- 
cuit 54, even if excessive adjustment is made, it can be 
redone. Accordingly, the desired characteristics can be 
obtained with greater precision and in less time than 
with the conventional manufacturing process shown in 
Figure 29. The yield can also be improved. Further, 
since automatic adjustment is possible, and adjustment 
may be repeated as many times as necessary to obtain 
the desired characteristics, and, further, since fine tun- 
ing according to the surrounding temperature, etc. may 
be actively performed, other necessary characteristics 
(such as tolerance) may be tentatively set. 

During actual operation of the high-frequency cir- 
cuit module 81 , as shown in Figure 13, in Step Q21, the 
integrated circuit 54 receives the system switching sig- 
nals which reflect PDC/PHS switching, and timing sig- 
nals which reflect transmission/ receiving switching. In 
Step Q22, the integrated circuit 54 reads the direct-cur- 
rent control voltage level corresponding to those system 
switching signals and timing signals, and in Step Q23, a 
direct-current control voltage corresponding to that level 
is produced in the output circuit of the integrated circuit 
54 and applied to the voltage control terminals 65 and 
65a. Operations then return to Step Q21 . 

Accordingly, it is sufficient if the integrated circuit 54 
has (1) a memory capable of storing the direct-current 
control voltage levels corresponding to each system 
switching signal and timing signal, and (2) a circuit 
capable of receiving and decoding the system switching 
and timing signals. Thus the integrated circuit 54 can be 
realized by a low-level microcomputer, etc. 

Next, the second embodiment of the present inven- 
tion will be explained wtth reference to Figures 14 and 
15 

Figure 14 is a cross-sectional view showing the 
structure of a voltage-controlled variable-passband filter 
1 1 1 according to the second embodiment of the present 
invention. Members of this voltage-controlled variable- 
passband filter 1 1 1 similar to and corresponding with 
those of the voltage-controlled variable-passband filter 
51 will be given the same reference symbols, and expla- 
nation thereof will be omitted. What should be noted 
about the voltage-controlled variable-passband filter 

1 1 1 is that the insulating layer 62 is provided in a band, 
on one surface of which are provided at certain intervals 
a plurality (five in the example shown in Figure 14) of 
control electrodes 63. On the opposite surface of the 
insulating layer 62 between the end 55B of the resona- 
tor pattern 55 and the end 56A of the ground pattern 56 
are provided a plurality of ground electrodes 1 12 so as 
to be staggered with the control electrodes 63. Each 
control electrode 63 is connected by a via hole 64 to the 
control voltage terminal 65. and each ground electrode 

112 is connected by a via hole 113 to the ground con- 
ductive layer 60. 

As a result, the equivalent circuit of this structure 
will be as shown in Figure 15. Each of the control elec- 



trodes 63 and each of the ground electrodes 112 also 
functions as a capacitive electrode, and the direct-cur- 
rent control voltage is applied to the insulating layer 62 
between the control electrodes 63 and the ground elec- 

5 trodes 112, thus giving the insulating layer 62 the 
desired capacitance. The via holes 113, like the via 
holes 64. act as resistors 114 and inductors 115, and 
thus the area between the respective voltage-controlled 
variable-capacity capacitors is, from the point of view of 

w direct current, grounded. 

Accordingly, the direct-current control voltage is 
applied to each of the capacitors 71 and 72, and, 
whereas the high-frequency signal from the high-fre- 
quency signal source 73 is applied to the respective 

15 capacitors 71 and 72 with an amplitude of 1/10, a direct- 
current control voltage similar to that of the voltage-con- 
trolled variable-passband filter 51 is applied to each 
insulating layer 62 of the capacitors 71 and 72, and the 
desired change of capacitance can be obtained. 

20 Accordingly, stable filter characteristics can be 
maintained by a low voltage, even in the case of a high- 
frequency signal with high power, making this filter 
especially effective for use in the transmission circuit of 
a PDC unit. 

25 Next, the third embodiment of the present invention 
will be explained with reference to Figures 16 through 
19. 

Figure 16 is an oblique view showing the structure 
of a voltage-controlled variable-passband filter 121 

30 according to the third embodiment of the present inven- 
tion, Figure 1 7 is an exploded oblique view of the same 
filter 121, and Figure 18 is a cross-sectional view taken 
along line A - A of the same filter 121 . Members of this 
voltage-controlled variable-passband filter 121 similar to 

35 and corresponding with those of the voltage-controlled 
variable-passband filter 51 will be given the same refer- 
ence symbols, and explanation thereof will be omitted. 
What should be noted about the voltage-controlled var- 
iable-passband filter 121 is that an insulating layer 123, 

40 on which are provided voltage-controlled variable- 
capacity capacitors 122 and 122a. is provided on the 
uppermost surface of substrate 52. The following expla- 
nation will treat the voltage-controlled variable-capacity 
capacitor 122, with corresponding members of the volt- 

45 age-controlled variable-capacity capacitor 122a given 
the same reference numerals with the addition of the let- 
ter a. 

The end 55B of the resonator pattern 55 is con- 
nected by a via hole 123* to a second electrode 125 

so provided on the insulating layer 61 , which is the upper- 
most layer of the substrate 52, and a third electrode 126 
provided adjacent to the second electrode 125 is con- 
nected by a via hole 127 to the ground conductive layer 
59. Between these electrodes 125 and 126 is provided 

55 an insulating layer 123 in the form of a thin film of a 
material similar to that of the insulating layer 62. On the 
surface of the insulating layer 123 opposite the surface 
where the electrodes 125 and 126 are provided is pro- 
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vided a control electrode 128, which is the first elec- 
trode The control electrode 128 is connected by a bias 
circuit 129 to the integrated circuit 54 

The insulating layer 123 is made of, for example, 
Ba 0 7 Sr 0 3 Ti0 3 of approximately 0.1pm thickness, thus 
enabling a change in dielectric constant of approxi- 
mately 60% by application of 5V of control voltage. The 
control electrode 128 and the bias circuit 129 may be 
formed by thick-film printing or photolithography 

The voltage-controlled variable-capacity capacitor 

122 structured as described above is a capacitor with a 
three-electrode structure, in which, in the same manner 
as shown in Figure 3, a first capacitor 71 and a second 
capacitor 72 are connected in series. The capacitive 
electrode of the first capacitor 71 is the conductive area 
128(2) shown in Figure 18, where the insulating layer 

123 falls between the second electrode 125 and the 
control electrode 128 (acting as the first electrode), and 
the capacitive electrode of the second capacitor 72 is 
the conductive area 128(1) shown in Figure 18, where 
the insulating layer 123 falls between the third electrode 
1 26 and the conlrol electrode 1 28. 

One terminal of the capacitor 71 is connected to a 
high-frequency signal source 73 (corresponding to the 
open-end electrode of the resonator pattern 55, which is 
a resonator conductor), and one terminal of the capaci- 
tor 72 is connected to a ground (corresponding to the 
ground conductive layer 59). The respective other termi- 
nals of the capacitors 71 and 72. being the control elec- 
trode 128, are connected to each other, and the direct- 
current control voltage from the control voltage source 
74 (corresponding to the integrated circuit 54) is applied 
to these mutually-connected terminals of capacitors 71 
and 72 through the resistor 75 and the inductor 76 
(which correspond to the bias circuit 129). 

Figure 1 9 shows an example of one structure for a 
high frequency circuit module using the voltage-control- 
led variable-passband filter 121. This high-frequency 
module 131. which is similar to the high-frequency mod- 
ule 81. is made of a composite of glass and ceramic 
materials, and is a combination of electronic circuit com- 
ponents in which semiconductor components 83 
through 85, such as an MMIC (Monolithic Microwave 
Integrated Circuit) and a VCO (Voltage Control Oscilla- 
tor), are externally mounted on a substrate 82, in which 
are embedded conductor patterns and R, L, and C and 
other circuit components. In the high-frequency circuit 
module 131 shown in Figure 19, the circuit patterns of 
the voltage-controlled variable-passband filter 121 are 
embedded inside part of the substrate 82. and the inte- 
grated circuit 54 and the insulating layer 123 and other 
external members are mounted on the substrate 82. 
The high-frequency circuit module 131 is used as a 
high-frequency circuit for a terminal device shared by 
the PDC and PHS systems. 

By providing the insulating layer 123 (on which the 
voltage-controlled variable-capacity capacitors 122 and 
122a are provided) on the uppermost surface of the 



substrate 52, the film thickness can be controlled more 
easily than when an insulating layer is embedded within 
the ceramic substrate 52. which is formed by pressing at 
high temperature and pressure There is also less dan- 
5 ger of damage to the insulating layer, thus increasing 
reliability. In addition, by making the insulating layer 123 
a thin film, the output voltage of the integrated circuit 54 
can be kept low, and power consumption can be 
reduced. 

10 Next, the fourth embodiment of the present inven- 
tion will be discussed with reference to Figure 20 

Figure 20 is a longitudinal cross-sectional view 
showing the structure of a voltage-controlled variable- 
passband filter 141 according to the fourth embodiment 

J5 of the present invention. Members of this voltage-con- 
trolled variable-passband filter 141 similar to and corre- 
sponding with those of the voltage-controlled variable- 
passband filters 1 1 1 and 121 will be given the same ref- 
erence symbols, and explanation thereof will be omit- 

20 ted. In the voltage-controlled variable-passband filter 
141, the insulating layer 123 is provided on the upper- 
most layer of the substrate 52 in a band, like the insulat- 
ing layer 62 in the second embodiment. On one surface 
of the insulating layer 123 are provided at certain inter- 
ns vals a plurality (five in the example shown in Figure 20) 
of control electrodes 1 28. On the opposite surface of the 
insulating layer 123 between the second electrode 125 
and the third electrode 126 are provided a plurality of 
ground electrodes 142, so as to be staggered with the 

30 control electrodes 128. Each control electrode 128 is 
connected to the integrated circuit 54 by the bias circuit 
129, and each ground electrode 142 is connected to the 
ground conductive layer 59 by a via hole 143. 

By means of the foregoing structure, the voltage- 

35 controlled variable-passband filter 141 will have the 
equivalent circuit shown in Figure 15. 

In the voltage-controlled variable-passband filters 
111 and 141, the desired filter characteristics can be 
obtained at a tow voltage, because the capacitors 71 

40 and 72 in each stage are structured so as to have 
approximately the same capacitance. Further, high-fre- 
quency circuit modules incorporating the voltage-con- 
trolled variable-passband filters 51, 111, 121, or 141 
can be used to structure, not only terminal devices 

45 shared by the PDC and PHS systems, but also trans- 
mission devices shared by the DECT (Digital European 
Cordless Telephone) and GSM (Global System for 
Mobile Communication) systems, or transmission 
devices shared among the PDC, PHS and satellite 

so transmission systems (i.e., which can be adapted to 
three or more transmission systems). 

Again, instead of connecting the voltage-controlled 
variable-capacity capacitors 53 and 122 in a multi-stage 
structure, a resonating circuit made up of the voltage- 

55 controlled variable-capacity capacitor 53 or 1 22 and the 
resonator pattern 55 may be structured in a single 
stage, as shown in Figure 21 , and used, for example, as 
a voltage-controlled oscillator circuit (VCO). Alterna- 
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tivety, as shown in Figure 22, this resonating circuit may 
be used in a structure of three or more stages, thus 
improving the fitter's attenuation characteristics. 

The coupling capacitances C1 , C2. and Cla shown 
in Figure 5 may be replaced, as shown in Figure 23, with 5 
voltage -controlled variable-capacity capacitors C11, 
C12, and C1 1a. the capacitances of which are control- 
led by the direct-current control voltage from the control 
voltage terminals 65b and 65c. In this way. there is 
greater freedom to change the profile of the passing w 
characteristics, for example by shifting the attenuation 
pole shown at 166 GHz in Figures 6 through 8, thus 
making it easier to realize the desired passing charac- 
teristics profile. 

As another alternative, the integrated circuit 54 may is 
be separated from the filter, as shown in the voltage- 
controlled variable-passband filter 151 in Figure 24. 
This structure is a chip-type voltage-controlled variable- 
passband fitter, in which a control voltage from the inte- 
grated circuit 54 is sent to control voltage terminals 1 52 20 
and 152a, and which is composed of a filter circuit 153 
and voltage-controlled variable-capacity capacitors 122 
and 122a. This voltage-controlled variable-passband fil- 
ter 151 may be mounted on existing high-frequency cir- 
cuit modules. 25 

As discussed above, the first voltage-controlled var- 
iable-passband filter of the present invention is struc- 
tured as a three-electrode capacitor, being provided 
with an insulating layer, made of dielectric material the 
dielectric constant of which changes according to the 30 
strength of an electric field applied thereto, integrally 
provided within the substrate, the first electrode for 
applying a control voltage being provided on one sur- 
face of the insulating layer, and the second and third 
electrodes being provided on the opposite surface of 35 
the insulating layer, so that the capacitor is in two- stage 
series connection. 

As a result, a uniform electric field is applied to the 
entire part of the insulating layer lying between the first 
electrode on the one hand and the second and third 40 
electrodes on the other, thereby enabling a relatively 
great change in capacitance by means of a relatively 
small change in control voltage With this structure, 
external attachment of variable-capacity capacitors is 
unnecessary, thus enabling smaller size, lighter weight, 45 
and streamlining of the assembly process. 

Further, since the switching of the control voltage is 
performed by an exclusive control voltage applying 
means, it is possible to switch from one adjusting 
method to another, i.e. , when adjusting so that the reso- 50 
nating frequency becomes higher, it is possible to read- 
just so that the resonating frequency becomes lower. 
Thus, in comparison with adjustment by means of trim- 
ming, inadequate adjustment can be eliminated, thus 
increasing the yield, and the adjustment is also made 55 
easier. 

As discussed above, the second voltage-controlled 
variable-passband filter of the present invention has first 



electrodes in a multi-stage parallel structure, with sec- 
ond and third electrodes provided opposite the first- and 
last-stage first electrodes, and a multi-stage arrange- 
ment of ground electrodes provided opposite the first 
electrodes so as to be staggered therewith, with control 
voltage being applied between the first electrodes and 
the ground electrodes. 

As a result, between the terminals of the capacitor 
is a multi-stage arrangement of capacitors in series con- 
nection, but the control voltage required is the same as 
for a single stage. Thus, although a high withstand volt- 
age is required for the high power from the transmission 
circuits, the control voltage is still within a practical 
range. Accordingly, no special structure is necessary for 
the control voltage power source, thus enabling simplifi- 
cation of the overall structure. 

As discussed above, the third voltage-controlled 
variable-passband filter of the present invention is struc- 
tured so that the control voltage is applied to the first 
electrode through a series circuit of a resistor and an 
inductor. 

With the above structure, the higher the frequency 
of a signal, the higher the impedance of the inductors, 
and thus the lines for applying the control voltage will 
not influence the high-frequency signal handled by the 
voltage-controlled variable-capacity capacitors. The 
desired electric field can also be applied to the insulat- 
ing layer of dielectric material by applying the direct-cur- 
rent control voltage to the voltage-controlled variable- 
capacity capacitors through the series circuit. 

Therefore, the inductors will have high impedance 
for the high-frequency signal, thus preventing changes 
in the electric field of the insulating layer due to changes 
in the high-frequency signal, and enabling stable opera- 
tions. 

As discussed above, the fourth voltage-controlled 
variable-passband filter of the present invention is struc- 
tured so that the insulating layer is made of ceramic 
material, and the voltage-controlled variable-capacity 
capacitors, as well as the remainder of the filter circuit, 
is integrally provided within the substrate, which is also 
made of ceramic material, and the control voltage 
applying means is realized by an integrated circuit 
which is mounted on the substrate so as to be integral 
with it. 

In the above structure, those parts of the fitter circuit 
which do not require adjustment are embedded within 
the multi-layer ceramic substrate, and the control volt- 
age applying means for controlling the control voltage is 
realized by an integrated circuit, which is mounted on 
the substrate 

Accordingly, there are fewer components to be 
mounted, thus enabling smaller size and lighter weight, 
and the desired filter characteristics can easily be 
obtained by adjusting the characteristics of the inte- 
grated circuit in accordance with the characteristics of 
the completed filter circuit embedded within the sub- 
strate. 
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As discussed above, the fifth voltage-controlled var- 
iable-passband filter of the present invention is struc- 
tured so that the integrated circuit is capable of storing 
software for switching control of the control voltage. 

With the above structure, the desired characteris- 5 
tics can be obtained by rewriting the software of the 
integrated circuit in accordance with the characteristics 
of the filter circuit integrally provided within the sub- 
strate Automatic adjustment of the characteristics is 
possible, and adjustment may be repeated as many 10 
times as necessary to obtain the desired characteris- 
tics. Further, fine tuning according to the surrounding 
temperature, etc. may be actively performed. Accord- 
ingly, other necessary characteristics (such as toler- 
ance) may be tentatively set is 

As discussed above, the sixth voltage-controlled 
variable-passband filter of the present invention is struc- 
tured so that the insulating layer is made of a dielectric 
thin-film material, and the voltage-controlled variable- 
capacity capacitors are provided on the upper surface 20 
of the ceramic substrate within which the remainder of 
the filter circuit is integrally provided, and the control 
voftage applying means is realized by an integrated cir- 
cuit, which is also mounted on the substrate so as to be 
integral therewith. 25 

In the above structure, those parts of the filter circuit 
which do not require adjustment are embedded within 
the multi-layer ceramic substrate, and the control volt- 
age applying means for controlling the control voltage is 
realized by an integrated circuit, which is mounted on 30 
the substrate. 

Accordingly, there are fewer components to be 
mounted, thus enabling smaller size and lighter weight, 
and the desired filter characteristics can easily be 
obtained by adjusting the characteristics of the inte- 35 
grated circuit in accordance with the characteristics of 
the completed filter circuit embedded within the sub- 
strate. In addition, since the insulating layer is provided 
as a thin film, the output voltage of the integrated circuit 
can be kept low, enabling reduction of power consump- 40 
tion. Further, the film thickness of the insulating layer 
can be controlled more easily than when an insulating 
layer is embedded within the ceramic substrate, which 
is formed by pressing at high temperature and pressure. 
There is also less danger of damage to the insulating 45 
layer, thus increasing reliability. 

As discussed above, the seventh voltage-controlled 
variable-passband filter of the present invention is struc- 
tured so that the integrated circuit is capable of storing 
software tor switching control of the control voltage. 50 

With the above structure, the desired characteris- 
tics can be obtained by rewriting the software of the 
integrated circuit in accordance with the characteristics 
of the filter circuit integrally provided within the sub- 
strate. Automatic adjustment of characteristics is possi- 55 
ble, and adjustment may be repeated as many times as 
necessary to obtain the desired characteristics. Further, 
fine tuning according to the surrounding temperature, 



etc may be actively performed. Accordingly, other nec- 
essary characteristics (such as tolerance) may be tenta- 
tively set. 

As discussed above, the first high-frequency circuit 
module of the present invention is used with a multi- 
layer high-frequency circuit substrate, in which the com- 
ponents of the fourth or fifth voltage-controlled variable- 
passband filter above are provided in a multi-layer sub- 
strate partially or entirely, except for the integrated cir- 
cuit, which is mounted on the substrate. 

With the above structure, the high-frequency circuit 
module is arranged so as to use a high-frequency sub- 
strate in which the components other than the inte- 
grated circuit of the fourth or fifth voltage-controlled 
variable-passband filter are provided partially or entirely 
in a multi -layer substrate. With this arrangement, the 
integrated circuit and the other components which are 
necessary for a high-frequency circuit and which are to 
be externally mounted, such as a voltage-control oscil- 
lating circuit and a crystal oscillator, are mounted on the 
high-frequency circuit substrate. The high-frequency 
circuit module is prepared in this manner. 

Accordingly, less space is taken up on the surface 
of the high-frequency circuit module by externally- 
mounted components for the voltage-controlled varia- 
ble-passband filter, and the module can be made 
smaller. 

As discussed above, the second high-frequency cir- 
cuit module of the present invention is used with a mufti- 
layer high-frequency circuit substrate, in which the com- 
ponents of the sixth or seventh voltage -control led varia- 
ble-passband filter above are provided in a mufti-layer 
substrate partially or entirely, except tor the integrated 
circuit, which is mounted on the substrate. 

With the above structure, the high-frequency circuit 
module is arranged so as to use a high-frequency sub- 
strate in which the components other than the inte- 
grated circuit of the sixth or seventh voltage-controlled 
variable-passband filter are provided partially or entirely 
in a multi -layer substrate. Wfth this arrangement, the 
integrated circuit and the other components which are 
necessary for a high-frequency circuit and which are to 
be externally mounted, such as a voltage-control oscil- 
lating circuit and a crystal oscillator, are mounted on the 
high-frequency circuit substrate. The high-frequency 
circuit module is prepared in this manner. 

Accordingly, less space is taken up on the surface 
of the high-frequency circuit module by externally- 
mounted components for the voltage-controlled varia- 
ble-passband filter, and the module can be made 
smaller. 

Trie concrete embodiments and examples of imple- 
mentation discussed in the foregoing detailed explana- 
tions of the present invention serve solely to illustrate 
the technical details of the present invention, which 
should not be narrowly interpreted within the limits of 
such concrete examples, but rather may be applied in 
many variations without departing from the spirit of the 
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present invention and the scope of the patent claims set 
forth below. 

Claims 

5 

1. A voltage-controlled variable-passband filter com- 
prising: 

a voltage-controlled variable-capacity capacitor 
and a control voltage applying means for apply- w 
ing a control voltage; 

said voltage-controlled variable-capacity 
capacitor including: 

an insulating layer having a first surface 15 
and a second surface, said insulating layer 
being made of a dielectric material the die- 
lectric constant of which changes accord- 
ing to an electric field applied thereto, 
a first electrode, provided on said first sur- 20 
face, to which the control voltage for pro- 
ducing the electric field is applied; and 
second and third electrodes, provided 
adjacent to and parallel with one another 
on said second surface, to which are 25 
applied high-frequency signals. 

2. The voltage-controlled variable-passband filter 
according to claim 1 , wherein: 

said insulating layer and said first through 30 
third electrodes are provided such that a first 
capacitor provided between said second and first 
electrodes and a second capacitor provided 
between said first and third electrodes have sub- 
stantially the same capacitance and electrical char- 35 
acteristics. 

3. The voltage-controlled variable-passband filter 
according to claim 2. wherein: 

said second electrode is a quarter-wave- 40 
length resonator, and said third electrode is 
grounded. 

4. The voltage-controlled variable-passband filter 
according to claim 1 , wherein: 45 

the control voltage is applied to said first 
electrode through a series connection of a resistor 
and an inductor. 

5. The voltage-controlled variable-passband filter so 
according to claim 1, wherein: 

said insulating layer is made of a ceramic 
material, and said voltage-controlled variable- 
capacity capacitor, along with the remainder of the 
filter circuit, is integrally provided within a substrate 55 
made of a ceramic material; and 

said control voltage applying means is an 
integrated circuit mounted on said substrate so as 



to be integral therewith 

6. The voltage-controlled variable-passband filter 
according to claim 5, wherein: 

said integrated circuit is capable of storing 
software for switching control of the control voltage. 

7. The voltage-controlled variable-passband filter 
according to claim 1, wherein 

said insulating layer is made of a dielectric 
thin-film material, and said voltage-controlled varia- 
ble-capacity capacitor is integrally provided on an 
upper layer of a substrate made of a ceramic mate- 
rial within which is provided the remainder of the fil- 
ter circuit; and 

said control voltage applying means is an 
integrated circuit mounted on said substrate so as 
to be integral therewith. 

8. The voltage-controlled variable-passband filter 
according to claim 7. wherein: 

said integrated circuit is capable of storing 
software for switching control of the control voltage. 

9. The voltage-controlled variable-passband filter 
according to claim 1. wherein: 

said insulating layer is made of a ceramic 
material selected from the group consisting of 
BaTi0 3 , SrTi0 3 . Ba x Sr 1o Ji0 3 , PbLaTi0 3 . 
Bi 4 Ti 3 0 12 . PZT, and PbTi0 3 . 

10. A voltage-controlled variable-passband filter com- 
prising: 

a voltage-controlled variable-capacity capacitor 
and a control voltage applying means for apply- 
ing a control voltage; 

said voltage-controlled variable-capacity 
capacitor including: 

an insulating layer having a first surface 
and a second surface, said insulating layer 
being made of a dielectric material the die- 
lectric constant of which changes accord- 
ing to an electric field applied thereto; 
a plurality of first electrodes, provided on 
said first surface at a certain interval, to 
which the control voltage for producing the 
electric field is applied; 
second and third electrodes, provided on 
said second surface, to which are applied 
high-frequency signals; and 
a plurality of ground electrodes, provided 
between said second and third electrodes 
opposite said plurality of first electrodes, 
so as to be staggered with said plurality of 
first electrodes. 
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11. The voltage-controlled vanabJe-passband filter 
according to claim 10. wherein: 

the control voltage is applied to satd first 
electrodes through a series connection of a resistor 
and an inductor. 5 

12. The voltage-controlled variabie-passband filter 
according to claim 10, wherein: 

said insulating layer is made of a ceramic 
material, and said voltage-controlled variable- w 
capacity capacitor, along with the remainder of the 
filter circuit, is integrally provided within a substrate 
made of a ceramic material; and 

said control voltage applying means is an 
integrated circuit mounted on said substrate so as is 
to be integral therewith. 

13. The voltage-controlled variabie-passband filter 
according to claim 12, wherein: 

said integrated circuit is capable of storing 20 
software for switching control of the control voltage. 

14. The voltage-controlled variabie-passband filter 
according to claim 10, wherein: 

said insulating layer is made of a dielectric 25 
thin-film material, and said voltage-controlled varia- 
ble-capacity capacitor is integrally provided on an 
upper layer of the substrate made of a ceramic 
material wherein is provided the remainder of the 
filter circuit; and 30 

said control voltage applying means is an 
integrated circuit mounted on said substrate so as 
to be integral therewith. 

15. The voltage-controlled variabie-passband filter 35 
according to claim 14, wherein: 

said integrated circuit is capable of storing 
software for switching control of the control voltage. 

16. The voltage-controlled variabie-passband filter 40 
according to claim 10, wherein: 

said insulating layer is made of a ceramic 
material selected from the group consisting of 
BaTi0 3 , SrTi0 3 , Ba x Sr 1 . x Ti0 3 , PbLaTi0 3 , 
Bi 4 Ti30 12 , PZT, and PbTi0 3 . 45 

1 7. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variabie-passband fitter set forth so 
in claim 5 are provided in a multi-layer substrate 
partially or entirely. 

1 8. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 55 
components other than said integrated circuit of the 
voltage-controlled variabie-passband fitter set forth 

in claim 7 are provided in a multi-layer substrate 
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partially or entirely. 

19. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variabie-passband filter set forth 
in claim 12 are provided in a multi-layer substrate 
partially or entirely 

20. A high-frequency circuit module for use with a mult- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variabie-passband fitter set forth 
in claim 14 are provided in a multi-layer substrate 
partially or entirely. 

21. A voltage-controlled variabie-passband filter com- 
prising: 

a voltage-controlled variable- capacity capacitor 
including an insulating layer made of a dielec- 
tric material the dielectric constant of which 
changes according to an electric field applied 
thereto, a first electrode, provided on one sur- 
face of said insulating layer, to which is applied 
a control voltage for producing the electric field, 
and second and third electrodes, provided 
adjacent to and parallel with one another on the 
other surface of said insulating layer, to which 
are applied high-frequency signals; said volt- 
age-controlled variable-capacity capacitor hav- 
ing a two-stage series structure in which the 
respective conductive areas of said first elec- 
trode opposite said second and third elec- 
trodes act as capacitive electrodes, said 
capacitive electrodes and said second and 
third electrodes providing two capacitors con- 
nected in series; and 

a control voltage applying means for applying 
the control voltage to said first electrode. 

22. The voltage-controlled variabie-passband filter 
according to claim 1, wherein: 

said first electrode includes a plurality of 
electrodes connected in parallel with one another, 
and said second and third electrodes are provided 
opposite first- and last-stage electrodes of said first 
electrode, said filter further comprising: 

a plurality of ground electrodes, provided oppo- 
site said plurality of electrodes of said first elec- 
trode, so as to be staggered therewith. 

23. The voltage-controlled variabie-passband filter 
according to claim 21, wherein: 

the control voltage is applied to said first 
electrode through a series circuit of a resistor and 
an inductor. 
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24. The voltage-controlled variable-passband filter 
according to claim 22. wherein: 

the control voltage is applied to said plurality 
of electrodes of said first electrode through a plural- 
ity of series circuits of a resistor and an inductor. 5 

25. The voltage-controlled variable-passband filter 
according to claim 21, wherein: 

said insulating layer is made of a ceramic 
material, and said voltage-controlled variable- w 
capacity capacitor, along with the remainder of the 
filter circuit, is integrally provided within a substrate 
made of a ceramic material; and 

said control voltage applying means is an 
integrated circuit mounted on said substrate so as is 
to be integral therewith. 

26. The voltage-controlled variable-passband filter 
according to claim 22, wherein: 

said insulating layer is made of a ceramic 20 
material, and said voltage-controlled variable- 
capacity capacitor, along with the remainder of the 
filter circuit, is integrally provided within a substrate 
made of a ceramic material; and 

said control voltage applying means is an 25 
integrated circuit mounted on said substrate so as 
to be integral therewith. 

27. The voltage-controlled variable-passband filter 
according to claim 25, wherein: 30 

said integrated circuit is capable of storing 
software for switching control of the control voltage. 

28. The voltage-controlled variable-passband filter 
according to claim 26, wherein: 35 

said integrated circuit is capable of storing 
software for switching control of the control voltage. 

29. The voltage-controlled variable-passband filter 
according to claim 21 . wherein: 40 

said insulating layer is made of a dielectric 
thin-film material, and said voltage-controlled varia- 
ble-capacity capacitor is integrally provided on an 
upper layer of a substrate made of a ceramic mate- 
rial within which is provided the remainder of the fil- ds 
ter circuit; and 

said control voltage applying means is an 
integrated circuit mounted on said substrate so as 
to be integral therewith. 

50 

30. The voltage-controlled variable-passband filter 
according to claim 22, wherein: 

said insulating layer is made of a dielectric 
thin-film material, and said voltage-controlled varia- 
ble-capacity capacitor is integrally provided on an 55 
upper layer of a substrate made of a ceramic mate- 
rial within which is provided the remainder of the fil- 
ter circuit; and 



said control voltage applying means is an 
integrated circuit mounted on said substrate so as 
to be integral therewith 

31. The voltage-controlled variable-passband filter 
according to claim 29, wherein 

said integrated circuit is capable of storing 
software for switching control of the control voltage. 

32. The voltage-controlled variable-passband filter 
according to claim 30, wherein: 

said integrated circuit is capable of storing 
software for switching control of the control voltage 

33. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variable-passband filter set forth 
in claim 25are provided in a multi-layer substrate 
partially or entirely 

34. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variable-passband filter set forth 
in claim 26 are provided in a multi-layer substrate 
partially or entirely. 

35. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variable-passband filter set forth 
in claim 29 are provided in a multi-layer substrate 
partially or entirely. 

36. A high-frequency circuit module for use with a multi- 
layer high-frequency circuit substrate, in which 
components other than said integrated circuit of the 
voltage-controlled variable-passband filter set forth 
in claim 30 are provided in a multi- layer substrate 
partially or entirely. 
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